INTRODUCTION
Biosurfactants are potential surfactants obtained from natural sources and gives several advantages over chemically synthesized surfactants. They are less toxic in nature, biodegradable and environmentally acceptable 1） and hence attracted a great attention. SLs, surface-active glycolipids are one of the well-known members of biosurfactant family produced by microorganisms and extracellularly by Candida bombicola 2-5） . These are amphiphilic in nature, i.e. containing both hydrophobic as well as hydrophilic moieties making them able to help in reduction of surface and interfacial tension at the surface and interface respectively 6） . The physicochemical properties, such as decrease in interfacial tension, heat and pH stability of many biosurfactants have been shown to be comparable to synthetic surfactants 7） . These biosurfactants are widely used in the food, pharmaceutical, cosmetic, and cleaning industries.
Optimization of media component is one of the most important stages in production of any fermentative product. Single parameter study is time consuming and it will not explain the interactions between independent variables. Design of experiments （DOE） allows us to look at these in-dependent variables over wide range and with their interactions in very effective manner.
SL （Fig. 1） , a glycolipid, consists of sophorose （β 1-2 glucose） as hydrophilic moiety and fatty acid chain are lipophilic moiety; produced by yeast of candida sp. have been a molecule of interest from long time 4, 8-10） . This molecule and its derivatives have variety of applications like antibacterial 11） , septic shock antagonists 12） , anticancer 13） , antifungal 14） , antiviral, spermicidal 15, 16） , inducer of cellulose production 17） , a capping agent for Cobalt nanoparticles 18） , for preparing glycolipids and speciality fatty acids 19） and also used in enhanced oil recovery （EOR）
20）
. SLs show excellent skin compatibility and hence they play very significant role in cosmetic and personal care applications. They are synthesized in high concentrations by non-pathogenic yeasts which diverts the further attraction in production of SLs on commercial scale 21） . The present work deals with the production of SLs by media optimization followed by its characterization and application as there is the growing interest in use of biodegradable surfactants.
EXPERIMENTAL PROCEDURES

Microbial culture and its Maintenance
The yeast used in this study was Starmerella bombicola NRRL Y-17069 （equivalent strain of Candida bombicola ATCC 22214） previously known as Torulopsis bombicola was procured from Agricultural Research Service （ARS） Culture Collection, USDA, Peoria, USA. The strain was grown on medium containing （g/L） : Malt extract, 3; Yeast extract, 3; peptone, 5; dextrose, 10; agar, 20 （GYMP Agar） for 48 h at 30±2℃. Sub culturing was done every four week and maintained at 4℃ in refrigerator.
Materials
All chemicals （Glucose, yeast extract, peptone, agar malt extract, anthrone） and solvent （hexane, ethyl acetate） were of analytical grade and supplied by Hi Media Pvt. Ltd and S. D. Fine Chemicals Ltd., India Respectively. Oleic acid used for production of SLs was of biochemistry grade and supplied by Hi Media Pvt. Ltd., India.
Production of SLs
Saline solution was added to two weeks old slants to adjust the optical density as 1.2 at 660 nm and cell count as 2.38×10 8 cells/ml. About 1 ml of this saline solution was added to basal medium （50 ml） containing i.e., Glucose （100 g/L） ; Yeast Extract （10 g/L） ; Urea （1 g/L） 22, 23） in 250 ml Erlenmeyer flask. After 48 h of incubation oleic acid （100 g/L） was added to same flask and kept for 10 days on rotary shaker at 25±2℃ and 200 rpm without adjusting pH to produce SLs.
Isolation of SLs
Isolation of crystalline SLs was simple and easier as compare to solid paste SLs. When the SLs were in crystalline form, they were allowed to settled and separated. A more complicated procedure was required for solid （paste） like SLs 24） . Broth was first extracted with ethyl acetate （1:1） thrice. Ammonium sulphate （5％ w/v） was added to separate the two layers, if necessary. After extraction, ethyl acetate layer was vacuum dried at 45±2℃ to get any hydrophobic substance form during fermentation. Hexane wash （2-3 times） was given to the residue in order to remove remaining oil and any hydrophobic substances. Remaining amount was weighed as amount of SLs.
Analytical Methods
Biomass and Carbohydrate Estimation
For yeast biomass determination, after 10 days of fermentation, extraction with ethyl acetate was to remove residual oil and SLs in the fermentation broth. Aqueous phase was centrifuged at 10,000 rpm at 23±2℃ to separate cells from media. Supernatant after centrifugation was used to determine glucose contain in remaining media using dinitrosalicylic acid （DNSA） method using glucose as the standard 25） . Dry cell weight was determined after resuspending the cells in small amount of water and drying till constant mass at 65℃. 2.5.2 Estimation, Identification and Characterization of SLs Estimation of SLs was done by extracting the fermented broth with ethyl acetate. This extract was dried under vacuum at 40℃ to remove the solvent. The residue was further washed twice with hexane to remove the residual oil. The total yield of these partially purified SLs was measured by gravimetric measurement 26, 27） .
2.6 Media Optimization by one factor at-a-time: A Classical Approach Different Candida strains were screened for maximum production of SLs using basal medium. Physical parameters such as pH, temperature, agitation, inoculum volume, inoculum size （data not shown） and nutritional parameter like media components viz. carbon, organic & inorganic nitrogen source, secondary carbon source were optimized for effective production of SLs. 2.6.1 Effect of carbon source
To check effect of different carbon sources on production of SLs, glucose in basal media was replaced by sucrose, maltose, lactose, fructose and xylose. Glucose was used as control. The concentration of all carbon sources were used in media at 10％ （w/v） . The fermentation media was inoculated with 3％ of inoculum and placed on a shaker for 48 h at 180 rpm at 30±2℃. 2.6.2 Effect of secondary carbon source Though microorganism can synthesise SLs fatty acid moiety by de novo pathway, direct incorporation of secondary carbon source is efficient and is the reason secondary carbon source was used for higher production of SLs 28） . Different concentration of oleic acid （0-12.5％） as a secondary carbon source, were studied for the effect on SLs production. 
Effect of nitrogen source
The effect of various organic as well as inorganic nitrogen sources on the production of SLs by Starmerella bombicola NRRL Y-17069 was investigated. The yeast extract as an organic nitrogen source in the production media was substituted with peptone and malt extract at the concentration used 1％ （w/v） or 12％ nitrogen content. Simultaneously, the effects different inorganic nitrogen sources such as ammonium acetate; ammonium sulphate; ammonium nitrate; ammonium carbonate; ammonium chloride; sodium nitrate and urea （as a control） at concentration 0.1％ （w/v） were also studied. Ratio of organic nitrogen to inorganic nitrogen was also estimated. The 50 mL of autoclaved medium was inoculated with 3％ of inoculum and incubated for 11 days at 180 rpm at 30±2℃.
Optimization by Design of Experiments DOE ap-
proach: A Statistical Approach In order to describe the interactive effects between various significant medium constituents and to elucidate Table 1 Experimental design showing variables in coded form with their corresponding responses.
Sophorolipids ( the optimal concentrations which influence the SL production significantly, Central Composite Design （CCD） was applied. In this study, the experimental plan consisted of 30 trials （Table 1） . Factors from the media namely; Oleic acid （A） , Glucose （B） , Yeast extract （C） , Urea （D） were taken into five different levels as -2, -1, 0, 1 and 2. Once the one factor analysis done, the effects of independent variables were described by second order polynomial equation. The proposed model for the response （Y i ） was
Where Y i is the predicted response; a 0 is interception coefficient; a i , a ii , a ij are coefficients of the linear, quadratic, interaction terms; ε epsilon is the random error and x i is the independent variable studied. Design Expert 8.0.5 （Statease, Minneapolis, MN） software was used for statistical analysis of model to evaluate analysis of varience. Based on the conditions predicted by the model, validation of the model was performed and regression equation was generated. The optimum value of oleic acid （A） , Glucose （B） , Yeast extract （C） , Urea （D） was taken in the production medium and SL production was analyzed.
Puri cation
Ethanol is solvent commonly used for purification of lactonic SLs by crystallization 10） . Hu and Ju, 2001 26） , have tried crystallization using phthalate and phosphate buffer. In our study, solubility of total SLs was checked at phosphate buffer pH 6-8. Experiments were conducted with 1.23 gm of sophorolipids in 5 ml of aqueous buffer. The crude sophorolipids were mixed vigorously with buffers having pH 6-8 for 30 min at room temperature and then kept for equilibration for 6 hr. After 6 hr the solid and supernatant separated using centrifuge and analysis was done. After this study phosphate buffer pH 7 was selected for crystallization procedure. In crystallization experiment the SLs were vigorously mixed with phosphate buffer pH 7 and this suspension was then kept at 50℃ till all solid gets dissolved in buffer. Then system temperature brought down to room temperature with periodic mixing. The system was the kept for crystallization. Crystals were analysed by FTIR, H-NMR, C 13 -NMR which shows pure lactonic form with no traces of acidic SLs.
2.9 Characterization 2.9.1 FT-IR and NMR measurement The moleculer identification and characterization of SLs was done by Fourier-transform infrared spectroscopy （FTIR） with a Perkin-Elmer Spectrum-One spectrophotometer, USA operated in the diffuse reflectance mode at resolution of 4 cm and further characterization of SLs was carried out using 1 H and 13 C nuclear magnetic resonance （NMR） （ 300Hz） , JEOL AL-300 FT NMR using CDCl 3 solvent and tetra methyl silane （TMS） as reference standard. 2.9.2 Confirmation of attached fatty acid moiety Confirmation of the fatty acid moiety was performed by Gas Chromatography-Mass Spectrometry （GCMS） using Varian 220-MS ion trap mass spectrometer （Varian, Inc. Walnut Creek, CA） connected to Varian 450-GC equipped with CP-SIL 88 capillary column （25 m×0.25 mm i.d.×0.39 mm OD, Varian） . The injector was programmed to maintained at 250℃ and the column oven was programmed to increase from 160 to 220℃ at 7℃ min and then maintained at 220℃ for 10 min. Split ratio was adjusted to 1:20. Helium was used as the carrier gas and its flow late was 1 mL/min. GCMS was operated at an ionization voltage of 70 eV and a trap temperature at 220℃ with a mass range of 40-350 atomic mass units.
RESULTS
3.1 Media optimization by one factor at-a-time: a classical approach 3.1.1 Effect of carbon source
In fermentation process, generally carbon source act as major constituent for building of cellular material and synthesis of polysaccharide as energy source 29） . As shown in Fig. 2 , glucose supported the maximum SLs （11.83 g/L） production while sucrose gave 8.46 g/L. Different concentration of glucose were also optimized （2.5-12％ w/v） and it was found that 10％ （w/v） of glucose could produce maximum SLs （20.94 g/L） and dry cell mass （10.73 g/L） , after 10 days of fermentation.
Effect of nitrogen source
Among the nitrogen source, yeast extract found to be the best source for SLs and biomass production. Different concentration of yeast extract from （0-10％） was also studied where, 1 g/L concentration of yeast extract was found to be the best for maximum SLs production （32.1 g/ L） （ Fig. 3） which were in agreement with Casas and Garcia- , having SLs production 36 g/L in 16 days. Along with yeast extract different inorganic source in concentration 0.05 M were also used to study their effect on SLs production （Fig. 4） . Urea in combination with yeast extract YE: Urea （10:1） （ 23.2 g/L） gave more production as compared to yeast extract alone （22.1 g/L） . 3.1.3 Effect of secondary carbon source SLs production occurs in presence of hydrophilic carbon source but it has been also established that addition of hydrophobic carbon source yields increased production 23, 34） . Various authors tried different hydrophobic substrates such as different vegetable oils as secondary carbon source; in this study efficacy of oleic acid in increasing the SLs was evaluated. It was observed that amount of the added oleic acid increases the production of SLs but the yield of SLs is not directly proportional to added oleic acid. We observed, when 50 g/L of oleic acid was added to production medium, 36 g/L of SLs was formed that is 72％ of oil has been consumed （Calculated by taking weight of remaining oleic acid after fermentation） while in case of 100 g/L only 49％ of oil was consumed （Fig. 5） . This shows that continuous addition of substrate will be beneficial for production of SLs than single time addition. 3.1.4 A Statistical Approach 3.1.4.1 Fitting model
The Table 2 . Analysis of variance （ANOVA） was used to confirm the adequacy of the model, which was tested using Fisher' s statistical analysis and the results were showed in Table 2 .
The Model F-value of 76.38 implied the model to be significant. R 2 value （multiple correlation coefficient） closer to 1 denotes better correlation between the observed and predicted values. In this case, an R 2 value of 0.9862 indicated a good correlation between the experimental and predicted values. The P value denotes the significance of the coefficients, and is also important in understanding the pattern of the mutual interactions between the variables. The coefficient estimates and the corresponding P values suggest that, among the test variables used in the study, Oleic acid: Glucose （AB） , Oleic acid: Urea （AD） , Glucose: Yeast extract （BC） were significant model terms （Table 3） .
Analysis of response surfaces
The best way to examine combined effect of four different medium components （Independent variables） on the dependent ones is to plot surface response which was done by keeping two variables constant and varying the other two within experimental range. Fig. 6a is the response surface plot of glucose and oleic acid on sophorolipid production at fixed yeast extract and urea concentration. Glucose and oleic acid have positive influence on the production of sophorolipid （Table 3） . The reason for this positive influence of glucose and oleic acid is mainly because glucose is important for building hydrophilic part while oleic acid is for hydrophobic part. At the higher oleic acid concentration, the negative quadratic effect of oleic acid on sophorolipid production also became important. This is probably due to substrate inhibition 26） . Similarly Fig. 6b is response surface plot of yeast extract and glucose. Yeast extract showed negative linear effect while interaction between glucose and yeast extract had a positive effect on sophorolipid production because at higher yeast extract concentration yeast Candida depletes the glucose for its growth 30） . From Table 3 we observe that glucose, oleic acid have positive influence while yeast extract, urea have negative influence and this observation was in agreement with Zhou et al. 33） . The final yield of SL was 52.04±0.02 g/L, which was much closer to that predicted by software （50.03 g/L） .
Puri cation
The solubility of total SLs increased with increase in pH . This FTIR confirms the fermentation product crystallized out was of lactonic SLs. 3.3.2 NMR analysis Figure 9 illustrates H 1 NMR of SLs crystals. Signal at 2.088, 5.357 were denoting the presence of -COCH 3 and -CH＝CH-group respectively. Peaks from 1.2 to 1.4 ppm
Fig. 6
Interaction between media components for production of Sophorolipid. put the accent on existence of fatty acid chain moiety in SLs structure. Figure 10 gives the emphasis on C 13 NMR, . Several -CH 2 -from fatty acid chain were resonated in between 20.93 ppm to 37.52 ppm. The spectrum also revealed signals of glucose-C-1 at 103.98 ppm, glucose-C-1' at 102.40 ppm, glucose-C-6 at 63.66 ppm and glucose-C-6' at 62.12 ppm 27） . Tantamount to results of FT-IR analysis, it is confirmed that crystals are of lactonic SLs. 3.3.3 Gas chromatography and mass spectroscopy
The three different types of moieties which were attached to sophorose molecule were confirmed by direct fatty acid hydrolysis and esterification. Out of this three maximum was found to be cis 13 octadecanoic acid which was confirmed from mass （data not shown） .
DISCUSSION
The current study shows that Candida grow in presence of sucrose, maltose, lactose, xylose, fructose, glucose, but for SLs production glucose was found to be the most promising carbon source. According to Casas et al.
30）
Starmerella bombicola growing on glucose, shows two different behaviors, this is probably due to different metabolic pathways. In the first, glucose was used for growth of organism where as in the other; glucose was consumed in the lipid production as precursor of SLs molecule. There is an optimum concentration in which glucose was completely utilized for growth and no intracellular lipids are synthesized 31） . Yeast extract usually used as source of nitrogen, vitamins and trace elements such as zinc, magnesium and iron. It has been proved from studies that yeast extract had significant effect on SLs production 32, 33） . It was also observed that, with increase in yeast extract concentration there was increase in the biomass but simultaneous decrease in SLs production. Probable reason for this may be in presence of yeast extract, Candida sp. uses secondary carbon source for biomass production instead of SLs production. Zhou et al. 33） , reported that 3 g/L yeast extract gives maximum production of closed chain SLs but from this study optimum concentration of yeast extract found to be 1 g/L and 95％ of SLs were of closed structures which were confirmed from FTIR and NMR analysis. It is observed that, Candida sp. could not be able to use nitrogen in reduced form （NO 3 ＋ ） as a result medium containing sodium nitrate showed reduced growth ccompaired to medium containing ammonium nitrate （Fig. 4） . Although lipid moiety of SLs has been synthesized by de novo pathway where direct incorporation is more efficient. This is proved in this work with the help of GC-MS As suggested by Weber et al.
35）
Candida yeasts are more capable of directly incorporating fatty acid in SLs. Incorporation of fatty acid moiety directly will not break down fatty acid via β oxidation instead it is directly hydroxylated and incorporated into SLs 36, 37）
.
CONCLUSION
The present study showed that 95％ of lactonic SLs can be produced using optimum yeast extract concentration. Statistical approach, Response Surface Methodology （RSM） was used for media optimization and maximum yield of SLs found to be 54.16±0.12 g/L with 54％ conversion. Continuous addition of secondary carbon source （oleic acid） is beneficial for increased percent conversion of oleic acid into SLs. NMR, FT-IR and GC MS results clearly indicates SLs formation having C18 carbon chain fatty acid moiety.
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